Abstract: Acetabular bone cyst is usually associated with dysplastic secondary osteoarthritis of the hip joint. Acetabular reorientation osteotomy is one of the most common therapeutic options for treating patients with hip dysplasia. However, it may be too invasive for athletes and can also lead to some complications including intraoperative fracture and postoperative bone necrosis especially in patients with acetabular large bone cysts. Endoscopic shelf acetabuloplasty offers a less invasive option for athletic patients with dysplasia of severity greater than those indicated for isolated hip arthroscopy. This Technical Note demonstrates endoscopic shelf acetabuloplasty with bone grafting, simultaneously addressing a large bone cyst and acetabular undercoverage, as part of a comprehensive approach addressing chondrolabral pathology while restoring capsular integrity in an athlete with moderate dysplasia.
D
evelopmental dysplasia of the hip (DDH) is the most common cause of secondary osteoarthritis (OA) of the hip in the Asian population.
1,2 The pathomechanism involves increased stress loading of the hypovolemic socket at the acetabular rim with chondrolabral damage and subsequent OA. 3, 4 High-impact athletic activities have been associated with hip OA. Vigdorchik et al., 5 in a systematic review, reported that male athletes participating in elite highimpact sports are at an increased risk of developing hip OA. In our practice, we often see young athletes with OA of the dysplastic hip.
Current surgical interventions for symptomatic hip dysplasia include reorientation osteotomies (e.g., periacetabular osteotomy [PAO] or rotational acetabular osteotomy [RAO] ) and hip arthroscopy. The reorientation osteotomies have been successful 6, 7 but are associated with some major complications including but not limited to intra-articular fracture and acetabular osteonecrosis. 8, 9 Hip arthroscopy's role in dysplasia, while evolving, appears to yield encouraging outcomes approaching those for femoroacetabular impingement when limited to borderline or mild dysplasia and with less risk than PAO or RAO.
In the athletic patient population, PAO or RAO may compromise return to sport as the open surgeries involve significant muscle dissection with commensurately long postoperative rehabilitation. Hip arthroscopy is an attractive less invasive alternative, but many athletes may have dysplasia of greater severity than is currently shown to have successful arthroscopic outcomes.
Endoscopic shelf acetabuloplasty may address the intra-articular chondrolabral pathology, associated cam femoroacetabular impingement, and anterolateral acetabular undercoverage. Shelf acetabuloplasty can theoretically decrease edge loading by increased bony support of the anterosuperior aspect of the shallow acetabulum for treating patients with DDH. 10 Uchida et al. 11 have developed a comprehensive endoscopic approach including labral repair, cam osteoplasty, capsular plication, and shelf acetabuloplasty. In a series of 32 active patients, endoscopic shelf acetabuloplasty provided promising clinical outcomes and a high rate of return to play sports-related activities. 12 Acetabular cysts often accompany dysplasia, 13 typically involving the anterolateral rim, and are often quite large. Bone cysts may be treated with bone grafting from various sources (autograft, allograft, orthobiologic). Small anterolateral rim cysts may be removed via rim trimming, but this is not a viable option in the already shallow dysplastic socket. We present a hip arthroscopic technique including the application of endoscopic shelf acetabuloplasty to provide autologous bone grafting of the cyst and concurrent osseous support at the deficient anterolateral rim.
Indications
Basically, indications for this procedure are the same as those of Uchida et al. 11 's report on endoscopic shelf acetabuloplasty ( Table 1 ). The investigators noted that this procedure is not indicated for OA. However, this technique may potentially apply for OA cases (Tönnis grade 2) with cysts limited to the anterior acetabulum (Table 1) .
Preoperative Evaluation and Radiographic Imaging
Commonly, the patient complains of hip pain associated with limitation in range of motion. Lateral center edge angle (LCEA) and vertical center anterior (VCA) angle should be measured on the anteroposterior (AP) pelvis ( Fig 1A) and false profile view (Fig 1B) , respectively. An AP pelvic radiograph will confirm lateral acetabular shallowness (Fig 1A) . A round osteolytic lesion will be identified at the superior acetabulum ( Fig  1A) . A modified Dunn view can show cam morphology (Fig 1C) . A false profile view will show large osteolytic lesion at anterior-superior acetabulum and anterior acetabular deficiency (Fig 1B) . A 3-dimensional computed tomography (3DCT) will show insufficient lateral and anterior coverage of acetabulum (Fig 1D) , and a coronal view will demonstrate a large bone cyst at the anterosuperior acetabulum (Fig 1E) . A T2 weighted coronal view on magnetic resonance imaging will reveal a high-intensity area in the anterosuperior labrum (Fig 1F) .
Surgical Technique
Supine hip arthroscopy is performed on a traction table under general anesthesia. Anterolateral portal, midanterior portal, and proximal mid-anterior portal are established. After traction is applied, a 70 arthroscope is introduced through the anterolateral portal. After interportal capsulotomy, intra-articular evaluation is performed. Delamination of the chondrolabral complex is observed at the anterosuperior aspect of the acetabulum adjacent to the large acetabular bone cyst (Fig 2A) . A prominent AIIS is observed adjacent to a torn anterosuperior labrum (Fig 2B) . Subspine decompression is performed using a motorized round burr (Smith and Nephew, Andover, MA). Conservative osteoplasty is done to preserve the bone cyst. Labral fixation with suture anchors (Gryphon BR anchor, DePuy Synthes, Raynham, MA; Osteoraptor anchor, Smith and Nephew) is performed (Fig 2C) . After releasing the traction and confirming perimetric labral fluid seal, peripheral compartment arthroscopy and cam osteoplasty are performed without incident (Fig 2D) . Capsular plication with 5 no. 2 nonabsorbable sutures (Fiberwire; Arthrex, North Naples, FL) is then performed (Fig 2E) . After complete capsular closure, the 30 arthroscope is positioned into the extracapsular space under the AP fluoroscopic guidance. Arthroscopic debridement using a motorized shaver (Smith and Nephew) and radiofrequency ablator (Ambient Hipvac 50, Smith and Nephew) enables good visualization and a secure working space for shelf acetabuloplasty.
Three parallel 2.4-mm guide wires are introduced using a drill guide through the midanterior portal, along the anterosuperior acetabular rim adjacent to the capsule (Fig 3A) . The transverse slot is enlarged with the use of a 10-mm wide osteotome to measure approximately 5 to 6 mm in height and 25 mm in width.
Autologous tricortical bone graft is harvested from the ipsilateral iliac crest (Fig 3B) . Two 1.5-mm Kirshner wires are introduced in 1.8-mm diameter drill holes, helping to control the graft position during endoscopic insertion into the aforementioned anterosuperior periacetabular slot (Fig 3B) .
Bone cyst is found in the transverse slot in the acetabulum with the scope. A vertical slot is made to remove the cystic contents (Fig 3C) . Corticocancellous bone chips are packed into the cyst cavity. The free autologous bone graft is then secured into the transverse slot (Fig 3D) using the parallel skewer wires ( Fig  3B) and secured into position via press fit using a cannulated bone tamp (Meira, Nagoya, Japan).
14 Subsequently, several bone wedges are tamped into the vertical slot and cancellous bone chips are placed above the new shelf with a custom-made cannula.
14 An example illustrating postoperative pelvic AP radiograph shows proper partial resorption and good remodeling of the shelf graft and elimination of the large bone cyst (Fig 4C; Video 1 with narration) .
Postoperative Management and Rehabilitation Protocol
Initial non-weight-bearing ambulation using dual crutches for 4 weeks is advanced to partial weightbearing status for another 2 weeks. At 6 postoperative weeks, full weight bearing is permitted.
Postoperative 3DCT shows improved anterosuperior acetabular coverage (Fig 4A) , and coronal view shows bone graft incorporation and fill of the bone cyst (Fig 4B) . Postoperatively, (A) 3-dimensional computed tomography shows enough coverage of acetabulum, (B) a large bone cyst is stuffed with bone grafts on a coronal view of computed tomography, and (C) a pelvic radiograph 3 years after surgery shows good remodeling of shelf graft and bone cyst completely disappears. 
Discussion
This Technical Note describes an endoscopic autologous bone graft combined with shelf acetabuloplasty for the treatment of DDH with large bone cyst.
Patients with DDH have conventionally undergone acetabular reorientation osteotomies, 6, 7 but it has been difficult for athletes with DDH to be candidates for these more invasive procedures because they require return to preinjury level quickly.
11 RAO for DDH with giant acetabular bone cysts can also cause catastrophic complications, such as fracture of the acetabulum during or after surgery and bone necrosis after the operation. 8, 9 However, our surgical technique can be simultaneously performed for not only the improvement of the acetabular coverage but also the treatment of anterior acetabular bone cysts without severe complications 13 (Table 2 ). Sabokbar and his colleagues described that increased mechanical stress might cause subchondral acetabular cyst formation and/or enlargement in osteoarthritic hips. 14 Hipp et al. 15 have shown that joint contact areas were smaller and joint contact pressures were higher in the dysplastic hips compared with the normal hips. We believe that a large acetabular bone cyst in this case healed because the shelf procedure could alleviate the joint contact pressure 16 coupled with the effect of local autologous bone grafting.
This surgical technique has several advantages and disadvantages as summarized in Table 2 . This entirely endoscopic procedure is especially beneficial to athletes with DDH who must return to sports quickly because it is less invasive and has fewer major complications. The procedure is technically challenging, which is a disadvantage, limiting its use to surgeons with a high level of expertise and experience in hip arthroscopy (Table 2) . General complications of hip arthroscopic surgery including traction-related complications such as nerve injury or skin injury may occur (Table 2) . Surgical pearls and pitfalls for this technique are detailed in Table 3 .
Long-term clinical and radiographic outcomes from multiple cases will be required to substantiate the benefits of this procedure. Until such time, we believe endoscopic shelf acetabuloplasty may offer a less invasive procedure to simultaneously address even large bone cysts in dysplasia while theoretically decreasing edge loading by providing increased albeit focal anterolateral rim bony coverage. When combined with a comprehensive arthroscopic approach addressing concurrent cam femoroacetabular impingement, chondrolabral pathology, and capsular closure, we submit that endoscopic shelf acetabuloplasty may be a viable procedure, particularly in the athletic patient with moderate dysplasia and large acetabular cyst. arthroscope at the time of working in the extracapsular space under the guidance of an image intensifier. Confirming the exact location of shelf graft and acetabular cysts under fluoroscopic visualization is crucial. Bone cyst is identified in the transverse slot with the scope. A vertical slot is useful to remove the cystic contents and stuff corticocancellous bone tips into the cystic cavity.
Difficulty of treating cysts at posterior acetabulum with the same portal as shelf acetabuloplasty.
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